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Abstract: A general approach (oxyanion-Cope strategy) for the synthesis of sarpagine/ajmaline indole alkaloids
has been developedt}-Ajmaline 1 and alkaloid G2 as well as norsuaveolirghave been synthesized from
D-(+)-tryptophan in enantiospecific fashion via the asymmetric Pic3giengler reaction and a stereocontrolled
oxyanion-Cope rearrangement as key steps. The synthesis of these indole alkaloids employed a stereospecific
Pictet-Spengler/Dieckmann protocol to prepare the key intermedialeNg-benzyl tetracyclic ketoneré or

7b). This ketone was converted intgS-unsaturated aldehyd®&g or 8b) and further transformed intoH)-
ajmalinel and alkaloid G2 as well as norsuaveoling It was also found that reduction @B can be done
stereospecifically to form the 2-epidiacetylajmaline deriva8@avhich has the same configuration at C(2) as

that of quebrachidine and of the bisindole alstonisidine. The ring closure reactionZ#tm28) to form the
sarpagine skeleton was completed in 91% vyield. It should now be possible to prepare the antipbie of (

ajmaline via this approach for biological screening.

(+)-Ajmaline 1 was isolated from the roots dRauwolfia
serpentinain 1931 and contains four heteroatoms, six rings,
as well as nine asymmetric centers. It is a clinically important
cardiovascular indole alkaldid’ with historical significanck®
and is related to the sarpagine bases gse®4).210“The most
prominent action of ajmaline is an antiarrhythmic effect on the

successful treatment with return to normal sinus rhythm in 85%
or more of the subjects required two drugs, electrolyte replace-
ment therapy, and the administration of thiamine. The action
of ajmaline involves a dose-dependent reduction in the maxi-
mum rate of rise of the muscle action potential, without affecting
the resting potentidt? Studies still continue on-)-ajmaline

heart” as was reviewed by Creasey, “that is less pronouncedin order to develop new treatments for a variety of cardiovas-

than that of propranoldlbut is superior in terms of the ratio of

cular disease%:* However, the antipode,<)-ajmaline, has

the refractory phase over reduced conduction to that of procainenever been isolated nor synthesized, the use of which might

amide and quinidine.®1!In a study that involved 900 patients

provide a new adjunct to antiarrhythmic therapy. An important

with acute or subacute myocardial infarction, ajmaline was found review by Creasey has also detailed the ganglionic blocking
to be useful in the management of both ventricular and supraactivity of other ajmaline-related alkaloi@sThe structure of

ventricular arrhythmiad? It should be noted, however, that
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ajmaline 1 was originally suggested by Robindé#* and
proposed correctly by Woodwat.The stereochemistry was
assignetf on the basis of additional chemical and spectroscopic
observations in 1962. The structure was confirmed by X-ray
crystallography.’ Ajmaline 1 can be converted into another
natural product, isoajmaline, simply by heatidgabove its
melting point! Alkaloid G 2 recently isolated from plant cell
cultures ofRauwolfia serpentin8enth by Stakigt et all® after
feeding experiments with ajmaline is also structurally similar
to 4. Both of these bases are related by the presence of the
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quinuclidine ring and the C(5)C(16) bond linkage. The
absolute configurations of the stereogenic centers at C(3), C(5),

and C(15) of members of both the sarpagine and ajmaline class

of indole alkaloids are identical. The alkaloid norsuaveoBne
is related tol and?2, although ring E is fully aromatic (Figure
1).

Three important reports on the synthesis of ajmaline have
appeared previoush 22 The first was published by Masamune
et al. in 1967 and involved sixteen steps; this elegant approach
was unique and the chemistry employed was important for those
who later worked on the synthesis of ajmaline-related indole
alkaloids. However, this route was not enantiospecific, and the
yields were not reported in some cases. Two years later,
Mashimo and Sato converted tryptophan into an intermediate
employed by Masamune in the earlier synthesis of ajmaline in
order to provide a formal total synthesis of this alkaloid. Van
Tamelen in 1970 employed a new synthetic route in a biogenetic
approach to ajmaline and synthesized deoxyajmakrié.Since
Hobson et af* had earlier converted deoxyajmaline into
ajmaline, a second total synthesis of ajmaline was completed.
This biogenetic route involved 17 steps and shed much light
on potential biogenetic pathways 1o We wish to report here

a general approach to the synthesis of the ajmaline/sarpagine

family of indole alkaloids as well as the first enantiospecific
total synthesis of{)-ajmaline, alkaloid G, and norsuaveoline.
As illustrated in Scheme 1, in a retrosynthetic sense both
ajmalinel and alkaloid G2 might be available via a common
intermediate, the monoaldehy8eThis aldehydé could arise
from 1,5-dialdehydé by a cyclization process which involves
the Np-nitrogen function. The synthesis of 1,5-dialdehy@le
could be approached either from thg8-unsaturated aldehyde
8 or from the monoaldehyd®. If both carbonyl-substituted
intermediates could be obtained in high yield from the)-(
tetracyclic ketond, then the 1,5-dialdehyd&could serve as a
key intermediate in the synthesis of ajmalihand alkaloid G
2 as well as norsuaveolind. Furthermore, since all of the
sarpagine/ajmaline alkaloids possess the same stereochemist
at C(3), C(5), and C(15), the dialdehy@eamight also serve as
a precursor for the sarpagine alkalofd$.The initial goal,
therefore, was to develop a general synthetic route to 1,5-
dialdehyde6 on a multiple gram scale from readily available
starting materials in an enantiospecific fashion.
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Yasunari, Y.J. Am. Chem. Sod.967, 89, 2506.

(20) Mashimo, K.; Sato, YTetrahedron Lett1969 901.
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reagents and conditions:

for 7a: i) PhCHO, CH4OH, tt, 2 h; NaBH,, -30°C to -10°C, 3 h;
(CH30),CHCH,CH,COOCH;, TFA, CH,Cly, 1, 48 h;

ii) NaH, CHyOH, PhCHa, A, 48 h; HOAc, HCI, A, 12 h.

for 7b: i) PhCHO, CH4OH, rt, 2 h; NaBH,, -30°C to -10°C, 3 h;
(CH30),CHCH,CH,COOCH; TFA, CHClg, A, 12 h;

i) NaH, CHaOH, PhCH, A, 4 h; HOAG, HC, A, 12 h.

As illustrated above the~)-tetracyclic ketonefaor 7b) was
synthesizet26via an improved route with these goals in mind,
while the racemic compound had been prepared on a kilogram
scale in the late 1970s in our laboratéfy.

The synthesis of#)-5-methyl-9-oxo0-12-benzyl-6,7,8,9,10,-
11-hexahydro-6,10-imino-5H-cycloocta[blindol® (R=CH,)
was first reported by Yoned&and was significantly improved
by Soerengd® The enantiospecific preparation of tetracyclic
ketone7b in optically active form was originally developed by
Zhang® and was recently improved to a two-pot process

r%’Scheme 2§9-32 The tryptophan methyl estébbwas converted

into the Np-benzyltryptophan derivative on stirrint0b with
benzaldehyde (1.1 equiv) in GBH at room temperature for 2
h, followed by reduction of the imine which resulted with

(25) Zhang, L. H. Ph.D. Thesis, University of Wisconsin-Milwaukee,
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(29) Soerens, D.; Sandrin, J.; Ungemach, F.; Mokry, P.; Wu, G. S;
Yamanaka, E.; Hutchins, L.; DiPierro, M.; Cook, J. 81.0rg. Chem1979
44, 535.

(30) Li, J.; Cook, J. MJ. Org. Chem1998 63, 4166.
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sodium borohydride (1.3 equiv) at30 °C to —15 °C (3 h).

Acetic acid was then added to the reaction mixture to destroy

any remaining NaBl] and the solvent was removed under

reduced pressure. Chloroform, methyl 4,4-dimethoxybutyrate o electronically favored

(1.1 equiv), and TFA (3 equiv) were then added directly to the ™ but hindered sterically ’\
A

reaction vessel, and the solution was brought to reflux to provide }\ / cHO /
-y K le

W
o
the trans diestet1b in high yield (overall yield>85%). The /z
trans isomerllb underwent epimerization and a Dieckmann ss hindered sterically N
cyclization to furnish thes-ketoester after which the solvent but disfavored electronically

was removed under reduced pressure. Acetic acid and hydro- \© 8b -

chloric acid were added carefully to the reaction vessel and, on

heating, keton&b was obtained in greater than 98% ee (overall Figure 2.

yield from 10 >74%). The keton&awas prepared via a similar
process. Importantly, five chemical transformations from tryp-
tophan methyl estet0 to ketone7 were accomplished in two
reaction vessels. The utility of this enantiospecific two-pot
sequence via the trans transfer of chirality in the asymmetric
Pictet-Spengler reaction is key since these reactions can be

Scheme 3

run on a multihundred gram scale to provide thg-{etracyclic 6b, R=CH,
ketone [faor 7b (300 g scale)], which can now be considered Mg, THF, rt DY
a readily available starting material for the synthesis of optically T —— O N !
pure macroline/sarpagine/ajmaline alkaloids. In addition, both 4 14a (90%)
. . CHO
D-(+)-tryptophan and.-(—)-tryptophan are readily available
from commercial sources permitting entry into both antipodes R e Libi
. . . i/biphenyl/Bal,

of the natural products for biological screening. b

. _ . . 8a, R=H "

With sufficient quantities of the tetracyclic ketor&a(or 7b) 8b, R=CH; 1an lrans oefin _

in hand, attention focused on methods to conveitto 1,5- 76°C, (85-90%) e s o, fiH
dialdehyde6. Two synthetic approaches were envisaged, the 16a, trans olefin, R=CH

. . . . . 16b, is olefin, R=!
earlier of which centered on the functionalization of the cis olefin, R=CH

o-position of the carbonyl group in keto@do furnish aldehyde ) ) )

9 (or its equivalent) and then to conveéxinto 1,5-dialdehyde To overcome these steric and electronic constraints, we
6. The second route rested on the conversion of the kefone envisaged execution of aintramolecular approach for the

via o, 8-unsaturated aldehyd which could be transformed to ~ functionalization of this tetracyclic [3.3.1] system at C(15). It
1,5-dialdehyd in subsequent steps. A series of intermolecular Was felt that an intramolecular 3,3] sigmatropic rearrangement
processes was attempted in order to functionalize the C(15)could be employed to introduce the side chain at C(15) and
position of 7. These included direct alkylation reacticii$435 generate the basic carbon skeleton of the ajmaline/sarpagine
enamine promoted proces$ésis well as metal promoted 1,4- indole alkaloids. The thermal conditions of the pericyclic process

addition reactiond3-3? but with one notable exceptidh®all would leave the remainder of the molecule unharmed.

have failed (see Supporting Information for detaifs8:3°In As shown in Scheme 3, the 1,5-dialdehyfemight be
addition, attempts to treat,S-unsaturated aldehydgb or 8c prepared from the allylic alcohdl2 via an oxyanion-Cope
under conditions to promote heterodiene Diefdder reac- rearrangement. The anionic oxy-Cope rearrangement appeared
tions27:40 titanium-promoted aldol process¥sor cuprate- to present several advantages not the least of which rests on
mediated additions were likewise unsuccessful (see Supportinggeneration of the olefinic bond i3, a required latent aldehyde
Information for details). The inability tdntermolecularly moiety. Oxidative cleavage of the double bond of the alkenic

functionalize the tetracyclic ketor& and theo-unsaturated ~ aldehydel3would provide the desired aldehy@elirectly. More
aldehydesb is believed to be due to steric constraints inherent importantly, the oxyanion-Cope rearrangement of allylic alcohol
in this tetracyclic [3.3.1] system and electronic effects which 12 should take place stereoselectively from théace of the
retard addition of reagents at C(15) from the bottom face of dout_)le bo_nd via a chair trz_ansition state to fu_rnish the_ des_ired
the zr system. The approach of a nucleophilic reagent at C(15) conflgu_ratlon at C_(15) requlred for the synthesis of all ajmaline/
of enone8b from the less hindered bottonu) face of the macroline/sarpagine alkaloids.

molecule (equatorial position) is electronically disfavored; while ~ Addition of the primary Grignard reagent available from
approach from the toppj face (axial position) is severely transl-bromo-2-pentené4ato the o,f-unsaturated aldehyde

hindered by the 1,3-diaxial interactions with the cis fused 8a(R=H) or8b (R=CHj) provided the expected but undesired
diaxial-indolomethylene bridge (Figure 2). alcohol 15 which resulted from allylic rearrangement of the

Grignard reagert’ Although Benkeser et @reported that the
(33) Weber, R. W. Ph.D. Thesis, University of Wisconsin-Milwaukee, reversible Grignard addition process favored the normal addition

1984. from the o position when the initially formed adducts were

47(?;;)99%(1361'& |- S Kluge, A F; MeClure, N. . Org. Chem1982 heated at higher temperature in the cases of hindered carbonyl
(35) Stork, G.; Brizzolara, A.; Landesman, H.; Szmuszkovicz, J.; Terrell, Substrates, the reaction 8b (R=CHs) with trans-1-bromo-2-

R.J. Am. Chem. SE<1963 85, 207. o penteneldain refluxing THF furnished none of the desired
8% Eﬂ ; gggk' j Mj érrg' CCh%rrr:{lsggg95982 ééf’ 6910. alcohol16a3” Since barium reagents were reported by Yama-
(38) Hollinshead, S. Ph.D. Thesis, University of York, 1987. mota*3 to react with carbonyl compounds to yield regioselective
(39) Trudell, M. L.; Cook, J. M.J. Am. Chem. Sod.989 111, 7504.

(40) Desimoni, G.; Tacconi, GChem. Re. 1975 75, 651. (42) Benkeser, R. A.; Siklosi, M. P.; Mozdzen, E.CAm. Chem. Soc.

(41) Narasaka, K.; Soai, K.; Mukaiyama, Them. Lett1974 1223. 1978 100, 2134.
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Scheme 4

KH/dioxane/18-crown-6 R*N

100°C, 14 h / .
83%, R=CH, $
rN / OH 85%, R=H i
&o M
L7 1
N 17a(4) 17b (1)
Bn 182 (4) 18b (1)

trans-12a, R=H
trans-16a, R=CHj;

KH/dioxane/18-crown-6
100°C, 14 h;

I

DBU or NaOMe |

CH;0H, 11,4 h

83%, R=CH;
85%, R=H

>95%

A trace of another diastereomer related to 17a was observed by NMR spectroscopy. The amount was
too small to quantify when R=H by this spectroscopic technique.

o-addition of the carbanion, this approach was examined with Scheme 5

the unsaturated aldehy@ Employment of a modified proce-
dure of the original report in a fashithsimilar to a Barbier-
Grignard*“ process provided the desired allylic alcohol (4@e
and 16, respectively) in high yield in both thBl;-H and Na-
methyl seried® With the desired allylic alcohols represented
by 12in hand, we examined both the trans and the cis alcohols

under the conditions of an oxyanion-Cope rearrangement. When

allylic alcohol transt2a (or 16a R=CHjz) was heated individu-
ally with KH at 100 °C in dioxane for 14 h, two major
diastereomersl7a and 17b were obtained in high vyield
accompanied by a trace of another diastereomer (Schefe 4).
In the Ny-methyl seriesl6a, these are represented by diaster-
eomersl8a and 18b. Both of the diastereomerkra (R=H)
and17b (R=H) as well as isomer$8a(R=CHj;) and18b (R=
CHa), respectively, contained the correct chirality at C(15), and
more importantly, after treatment with DBU or NaOMe, the
aldehyded 7b (R=H) or 18b (R=CHz) could be converted into
the desired isomerg7a (R=H) or 18a (R=CHj3) in almost
guantitative yield, respectively. Both aldehydés (R=H) and
18a (R=CHj3) contained the correct chirality a(3), C(5),
C(15), C(16), andC(20) required for the synthesis of sarpagine/
macroline indole alkaloids. In addition, the reaction can be
carried out in a one-pot process first by execution of the
oxyanion-Cope rearrangement, followed by addition of MeOH
with stirring at room temperature.

The very high stereoselectivity in the oxyanion-Cope rear-
rangement¥ 30:1) in the above system bodes well for the future
synthesis of macroline/sarpagine indole alkaloids. The ortho
ester Claisen rearrangement in a relatégdbenzyl system
occurred with a diastereofacial selectivity of 13:1 from the top
face of the double bond principally via boat transition stétes,
while recent resulfg#8indicated that the Claisen rearrangement
in this Ny-benzyl system occurred from the bottom face via a
chair transition state with a stereoselectivity of abowt)3((5)
to greater than 6:1 in the 11-methoxyindole series of Hanmiker.

(43) Yanagisawa, A.; Habaue, S.; YamamotoJHAm. Chem. So&991,
113 8955.

(44) Blomberg, C.; Hartog, F. ASynthesidl 977, 18.

(45) The reaction was executed by adding the mixture of the carbonyl
compound with the bromidel4 to the preformed barium metal; otherwise,
only starting materia8 was recovered.

(46) Zhang, L. H.; Trudell, M. L.; Hollinshead, S. P.; Cook, J. 8.
Am. Chem. Sod 989 111, 8263.

(47) Bi, Y.; Zhang, L. H.; Hamaker, L. K.; Cook, J. M. Am. Chem.
Soc.1994 116, 9027.

(48) Hamaker, L. K. Ph.D. Thesis, University of Wisconsin-Milwaukee,
1995.

trans-12a, R=H
trans-16a, R=CHj3

—

17a,17b, R=H 30:1 17c, R=H
18a,18b, R =Me 15:1 18c, R=Me
Scheme 6
a
R-N 7O
H L7~
N

19,20 (3)

2 KH/dioxane/18-crown-6, 100°C, 14 h (83%, R=CHg)

The diastereoselectivity for the anionic oxy-Cope rearrangement
in the analogoudly-benzyl system (trans2aor 163 provided

high a facial selectivity, presumably via a chair transition state
(Scheme 5). As shown in Scheme 5, the energy of the transition
state designated;Ts lower than that of transition state &nd

the former was favored in the oxyanion-Cope rearrangement.
Execution of the oxyanion-Cope rearrangement of the cis
olefinic isomer cist6b under analogous conditions provided 4
diastereomers, and the diastereoselectivity at C(15) and C(20)
was much lower (Scheme 6). This can be understood by
examination of the possible transition states for the cis olefinic
isomers (B-Ts) depicted in Scheme 6. It is clear that the
transition states #FTs would be higher in energy than;T
observed in the case of the trans olefinic alcohols [trE2es-
(R=H) or transi6a(R=CHj3), (Scheme 5)]. Consequently it is
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Scheme 7 Scheme 8

/\/Y\ 1,2-addition
(51%)
Br 22 —
21
(-)-8b KH, dioxane/cumene
Mg[CI'HF 150°C
1,4-addition (88% yield, ratio 3:2)
(90%) s %‘)
23a,b (3) 23¢,d (2)
23a,b (74%) 23c,d (26%) provide the same C(15) functionalized tetracyclic syst2feh

and23cd in a ratio of 3:2 (see Scheme 8). The key diastere-

not suprising that cid6b gave 4 diastereomers in a combined omers could also be obtained by executing the Barbier
yield of 83% (see Scheme 6). Grignard process at 25 (only 1,2-addition) followed by the

Although the results depicted in Schemes64are important  anionic oxy-Cope rearrangement. The desired aldeh38ab,
in regard to the study of sigmatropic rearrangements in which contained the correct stereochemistry at C(16) for the
azabicyclo[3.3.1]nonane systems (ortho ester Claisen rearrangesynthesis of ajmaline/raumacline indole alkaloids, were obtained
ment vs Claisen rearrangement vs oxyanion-Cope rearrange<from 8b) with 64% stereoselectivity’.
ment)374748the sequence outlined in Scheme 4 also provided
the first effective solution to the stereochemical problem at
C(15), C(16), and C(20) in the sarpagine series of indole
alkaloids?14%Since the rearrangement from trata (R=H)
or 16a (R=CH,) to provide 17a (R=H) or 18a (R=CHs),
respectively, generated the desired chirality at C(15), C(16), and
C(20) with extremely high diastereoselectivity30:1) in a one-
pot process, the aldehydé3a (R=H) or 18a (R=CHj3) can
now be prepared on multigram scale and employed for the total
synthesis of many macroline/sarpagine indole alkaloids. In fact,
this process was employed recently in the total synthesis of
talcarpine and talpining.32

As mentioned previously, the ajmaline/raumacline alkaloids
contain the same stereochemistry as the macroline/sarpagin
series at C(3), C(5), and C(15) but are antipodal at C(16).
Although the oxyanion-Cope rearrangement (Scheme 4) pro-
vided the desired system for the macroline/sarpagine indole
alkaloids with high diastereoselectivity, this rearrangement
yielded only 20% of the correct stereochemistry at the critical
aldehydic position at C(16) for the synthesis of the ajmaline/
raumacline indole alkaloids. The aldehydic group in this
sarpagine system was contained in the more stabl@R)
configuration (antipodal to the natural configuration of ajmaline)

The conversion oBb into aldehydes23ab, although not
stereospecific, constitutes the first effective solution to the long
standing problem of the stereochemistry at C(16) in the ajmaline
series. In earlier wofR2922epimerization of the aldehydic group
at C(16) to the unnatural (R) configuration complicated the
process, the ratio of desired to undesired diastereomers was
reported as 7:43 and 3:7 from different laborato#&®:22In
contrast, the presence of the ethyl grou3ab (compared to
188 was found to be critical to retard epimerization of the
aldehydic moiety at C(16) to the unnatural (R) configuration.
Support for the importance of the ethyl group derives from the
experiments mentioned previously (Scheme 4). As described
eabove, when the anionic oxy-Cope rearrangement was carried
out with the 2-pentenyl derivativé4 rather than the heptenyl
analogue?l, the diastereoselectivity at C(15) was dramatically
improved; however, the ease of epimerization at C(16) to the
unnatural diastereomer was increagafnaline requires the S
configuration at this center [C(16)] This observation was also
supported by computational resufttsAs shown in Figure 3,
the enol forms of the aldehydic products are initially produced

in the oxyanion-Cope rearrangement. Protonation can occur from
the top face or the bottom face of the enol form at C(16), and

at C(16) in the reported wor€1922T¢ synthesize+)-ajmaline the 5-face of the enol appears more hindered to protonation in

and alkaloid G, one must overcome the stereochemical problemth€ R= ethyl (239 case, as compared to the pentenyl case

at C(16) and epimerization of the aldehydic group at C(16) (S) (189). Proto_nation then occurred more readily from the‘ace_
to the more stable. stereochemistry must be retarded. of the enol in the R= ethyl (23g) case to generate the desired

When (—)-8b was stirred with trans 3-bromo-4-hepte2e (S) configuration at C(16) for ajmaline. The presence of an ethyl
at 0°C under the conditions of a BarbieGrignard proces# moiety in 23ab (from 21) in the anionic oxy-Cope approach
the products of 1,2-addition (allylic alcoh@®, isolated as a retarded isomerization at C(lﬁ) to the unnaturall isomer. When
mixture of diastereomers) and 1,4-addition (diastereo2@as aldehyde®3ab were stirred with base (NaOMe), it took 2 days
and23cd) were obtained in a combined yield of 90% in a ratio O €pimerize the aldehydic group to the unnatural isomer (the
of 51(22):49(23).36 This was the first reported case of 1,4- aldehyde with an R configuration). In contrast, in the pentenyl

addition to this aldehyd8b and remains the only example to  ¢@se, wherl7b (R=H) or 18b was stirred under the same
date to our knowledge (see Scheme9B3:36:375052 The ratio alkaline conditions, the epimerization was complete in a few

of desired to undesired isomers from the 1,4-addition was 3:1 hours, an epimerization process which had hindered earlier work
(see23ab vs 23d). The allylic alcohoR2was easily separated ~ toward (+)-1.1920.22.54
from the mixture by flash chromatography, and it underwent  The two diastereomer28aand23b) were separated by flash
the anionic oxy-Cope rearrangement at 280in 88% yield to chromatography. Because the absolute configuratio28ab
(49) Cox, E. D.- Cook, J. MChem. Re. 1995 95, 1797, at C(3), C(5)_, C(15), and C(16) were |dent|ca! to thoselof _
(50) Bailey, P. D.; Hollinshead, S. P.; Mclay, N. Retrahedron Lett. and2, both diastereomers could be employed in the synthesis

1987 28, 5177.
(51) Bailey, P. D.; McLay, N. RTetrahedron Lett1991, 32, 3895. (53) The program used for calculation was MacroModel 6.0. MMFF94S
(52) Bailey, P. D.; Hollinshead, S. P.; McLay, N. R.; Morgan, K.; Palmer, force field and MCarlo methods were employed to conduct the conforma-

S. J,; Prince, S. N.; Reynolds, C. D.; Wood, S.IDChem. Soc., Perkin tional search.

Trans. 11993 431. (54) Mashimo, K.; Sato, YTetrahedron197Q 26, 803.
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.. aldehydic group

The enol form of 18a
Figure 3.

Scheme 9

of (+)-1 and2. The initial synthetic plan toward ajmalirfeis
shown in Scheme 9. It was planned to connect C(17) to C(7) to
form the E ring or a suitable derivative and then to cleave the
double bond in24 to provide the aldehyde at C(21). An
advantage of this approach rested on potential ozonolytic
cleavage of the olefinic bond &4 to generate an aldehyde at
C(21) rather than use of the more expensive £80
Unfortunately, after many attempts under different reaction
conditions, the aldehyd@3a was recovered unchanged or
underwent decompositidi.Careful examination of a model of
23arevealed that it resembled a tripod: the indole ring, the
Np-benzyl ring, and the side chain all pointed in different
directions. Examination of the energy differerfGémetweer23a
and 24 (R=0Ac) indicated that cyclization of the upper ring
(E ring) would need to overcome a large energy barrier, which
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Scheme 10
HO OH 1)0sO,/THF/py,
23a  /pTSA NaHSOq
23b
PhH 2) NalO,/MeOH
A DST

(90%)

N
CHg HpHH

27a, (S) Hy=ax
27b, (R) Ha=p

NaOMe
MeOH

It was therefore decided to first cyclize the lower (D) ring and
then to form the upper (E) ring to provide the ajmaline skeleton.
To differentiate between the aldehydic function at C(17) and
the latent aldehyde at C(21), we protected the aldehyde
functional groups of23ab as the ethylene aceta6ab in
excellent yield, as illustrated in Scheme 10. Oxidative cleavage
of the olefinic bond was executed via the osmium tetraoxide/
sodium periodate sequence to provide aldel®/dm excellent
yield 2357
For the maximum conversion of acetd6a and 26b into

the aldehydes represented Bya and 27b, the osmylation
process was interrupted before the appearance of byproducts,
which resulted from the bisosmylation of both the olefinic bond
and the indole double bond. Under controlled condition8q%
conversion of26a and26b), the osmates which resulted were
reductively hydrolyzed with aqueous NaH$G@olution to

rovide the corresponding diols, respectively. This was followed

was simply not possible under these circumstances (see ref 55,y sodjum periodate cleavage of the diol functions to furnish

for details).

(55) Li, J. Ph.D. Thesis, University of Wisconsin-Milwaukee, 1999.
Ozonolysis of the olefinic bond iB3awas attempted many times and was
unsuccessful due to the activity of the indole 2,3-double bond toward ozone.
The olefinic bond could be selectively osmylated in the presence of the
indole moiety; however if this was attempted without protection of the C(16)
aldehyde, a hemiacetal resulted which prevented periodate cleavage.

(56) Some of the reaction conditions attempted are summarized below:
(1) HOAC/(Ac)O/HCI(g), (2) CRSOsSi(CHs)s/CH2Cly, (3) MesSIiCI/CH,-

Cly, (4) MesSil/CH:Cl,, (5) MesSiCI/CH,CIo/HCI (5%), and (6) MeSiCl/
AICI3/CHCI, (or THF).

the desired aldehyd&¥a(S) and27b (R) in greater than 90%
overall yield.

The desired aldehyd@7a [C(20S)] contained all of the
required chirality for the preparation of ajmalitend alkaloid
G 2. For this reason, the epimeric aldehy2iéb was treated
with base and converted into an equilibrium mixture 23fa
and27b (1:1), which again was subjected to flash chromatog-
raphy (silica gel, EtOAc/hexane 2:8). In this manner, the
conversion of27b into the required7acould be increased to
greater than 80%. This approach could also be employed to
provide27b [C(20R)] for a synthesis of isoajmaline by reversal
of the process, if desired.

The (—)-(9-aldehyde27awas converted into the sarpagine
system present i28 in 91% yield by catalytic debenzylation

(57) Schialer, M. Chem. Re. 198Q 80, 187.
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Scheme 11
0
H300P—OCH3 HOACc/HCl(con.), 3 h;
pra(s) PIC e 20 H  Ac,0/HCI(g), 18 h
a(S) —2 2% B
Ac,O/DMAP N -nQAcaqueous workup
2 h (91%) HY 85%)
CHy L1,
28
OAc
CHy &7
29
Scheme 12
OAc
PtO,, H
14h(89%) CRs 7y
9

OAc CHLOH OH
5% aq K,CO:
" 93%
31(2) '}l ) OAc 2}‘7 0 OH
CHs 27 SYH
1

followed by addition of acetic anhydride in a one-pot process

(two chemical transformations, Scheme 11). This a8alas

Li et al.
Scheme 13
OHC,
pTSA-H,0 |
— N7, '‘OAc

28 acetone, 1t é'_"'*

12 h (89%) 32 3 H

DDQ/THF/H,0'8:58 OH

rt, 94%

CH3;0H
5% aq. K,CO3

0°C, 2 h (92%)

the transfer of hydrogen (or hydride ion) &9, presumably
through reduction of the related iminium i6hHydrolysis of
31 with aqueous KCOs; in methanol furnished+)-ajmalinel
in 93% yield. This base was spectrometrically identical ¢,
NMR, 13C NMR, MS, co-TLC), including the optical rotation,
to that of an authentic sample of ajmalih&.

Hydrolysis of the acet#28in the presence of p-TSA0 in
acetone provided the aldehy@@ in 89% yield (Scheme 13).
The aldehyde&2 was converted into a derivative of alkaloid G
33 by treatment with DDQ in aqueous THF at room temperature
in 94% yield!858 This alcohol33 was then hydrolyzed in 5%
K2COs-MeOH to provide alkaloid @ in 92% vyield. The proton

then treated with acetic acid and concentrated aqueous HCl forand C-13 NMR spectra a2 were identical to those reported
3 h (hydrolysis of the acetal group to provide the aldehyde for the natural product by St&igt and Sakat®

moiety), after which this mixture was stirred with acetic

Although reduction o29 gave only 36% of diacetylajmaline

anhydride/HCI(g) to effect smooth cyclization to furnish the 31 thjs still constitutes the highest conversion of alca?®to

2-hydroxyajmaline derivativ@9 as a single diastereomer in 85%

(+)-1%°reported to date. As mentioned, tidace of29is much

yield. The structure of this'(':arbinollamine was determined Igy less hindered than thgface; consequently, 2-epidiacetylajma-
NMR spectroscopy and verified by single-crystal X-ray analysis |ine 30 can be formed with 100% stereoselectivity under certain

of a derivative29 (21-OCbz)3° The hydroxyl group ir29 was

clearly in thea configuration. This demonstrated effectively

the hindered nature of theface of the caged structure 2#.
Although conversion of thex-hydroxyl group in29 to a g

hydrogen atom would provide the correct stereochemistry of

conditions (see Table 1, Supporting Information). This latter
reduction process provides a potential route to alkaloids with
the 2-epi configuration including quebrachidine and vincamajine
as well as the bisindole alkaloid alstonisidfé 10

Although the oxyanion-Cope rearrangement employed in the

ajmaline, this was expected to be difficult due to the hindered
(caged) nature of thg-face. After many attempts (see Table in
Supporting Information) under many reaction conditi&hs,
2-epiajmaline ¢-hydrogen) could be formed with 100% dias- a6 This provides a highly stereoselective route to the

tereoselectivity (ESiH, TFA) in 91% yield, as expectéd The suaveoline alkaloids illustrated below for norsuaveoline (Scheme
only reaction conditions which provided the correct stereo- 14).

chemistry at the C(2) position of ajmaline were found to be

synthesis of the ajmaline-related alkaloids was not stereospecific,
the similar process (see above) in the trans pentenyl system
occurred with greater than 30:1 diastereoselectivity in\tel

Ha/platinum oxide in dry CHCI, in the presence of Bfetherate
or the analogous reaction in the presence of;BEThe former
process afforded 2-epidiacetylajmalid@and diacetylajmaline

31in a ratio of 3:2 in 89% yield as illustrated in Scheme 12.

Reaction conditions such asA5CHCHg)3B/PtO,, Hy; NaBHY/
DME; SOCh, BusSnH; Pt/H/TFA, CHyCly; PtO,/H/TFA/CHx-
Cly; MesSil/PtO,/H,/CH.Cl; and many otheP8 gave only

2-epiajmaline diacetatB80, or products of overreduction (see

Supporting Information for details). Reduction of alco@8lin
the presence of Bfetherate or BGlwas felt to proceed in the
correct fashion by complexation of the Lewis acid to the
nitrogen atom, which retarded reducti®At 22 from thea-face

of 29 (or the related iminium ion). However, this process was

not successful in the presence o0blsCHCH)3B, a Lewis acid
chosen for the same purpose. The reductid2oh the presence

of BCl3 while successful was not as clean as the process in the
presence of Bfetherate, presumably because HCI was gener-

The aldehydic moiety il 7awas protected by heating with
ethylene glycol in 95% yield. The protection step was necessary
since cleavage of the olefinic bond 17aby OsQ/NalO, was
complicated by the presence of the C(16) aldehydic moiety in
the molecule (formation of a hemiacetal, see ref 55). The olefinic
bond in 34 was then cleaved by OgMalO, to provide the
acetal aldehyd85in 85% yield. It was originally thought that
reaction of35 directly with hydroxylamine hydrochloride might
provide the pyridine ring system. However many attempts in
this effort were not successful. Consequently, the acetal aldehyde
35was hydrolyzed by heating in p-TSA/acetone for 2 days and
then the residue that resulted was heated with hydroxylamine
hydrochloride in ethanol to furnisN,-benzyl norsuaveolind6
in 88% yield in a one-pot process. Thig-benzyl group of36
was removed by catalytic hydrogenation (Pd/g)/td provide
norsuaveolinegt® in 92% yield. The total synthesis of norsua-

(58) Hagen, T. J.; Narayanan, K.; Names, J.; Cook, JJ.Mdrg. Chem.

ated in the former case. Mechanistically, it is felt that com- 1989 54, 2170.

plexation of theNp-nitrogen function with BE etherate pre-

vented the interaction of a palladium hydride-related species
with 29 from the a-face, which would have been involved in

(59) Bartlett, M. F.; Lambert, B. F.; Werblood, H. M.; Taylor, W.JI.
Am. Chem. Sod963 85, 475-477.

(60) Nasser, A. M. A. G.; Court, W. El. Ethnopharmacol1984 11,
99.
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Scheme 14

ethylene glycol/ p-TSA, A

17a

N3
HH p/H
34

20 h, 95%

1) OsO,4/py/THF, 0°C, 16 h
2) NalO,/CH40H, 0°C, 16 h
85%

p-TSA/acetone
A 2d;

PA/C/H,
5% HCI-EtOH
t, 12 h, 92%

|

N3
H H

3 norsuaveoline

veoline3 depicted in Scheme 14 was completed in 10 reaction
vessels with an overall yield of 28%.

In summary, a general approach (oxyanion-Cope strategy)
to the synthesis of a number of indole alkaloids via the
asymmetric PictetSpengler reaction was developed. Ajmaline
1 and alkaloid G2 as well as norsuaveolind have been

J. Am. Chem. Soc., Vol. 121, No. 30, 199005

reagents. Alkaloids were visualized with Dragendorf’s reagent or a
saturated solution of ceric ammonium sulfate in 50% sulfuric acid, or
an aqueous solution of 2,4-dinitrophenylhydrazine in 30% sulfuric acid.
Chromatography refers to flash chromatography using-28® mesh

60 A silica gel, grade 60 (EM reagent). Methanol was dried by
distillation over magnesium metal/[Tetrahydrofuran (Baker reagent),
benzene (EM reagent), and toluene (EM reagent) were dried by
distillation from sodium-benzophenone ketyl. Methylene chloride was
dried over MgSQ@and then was distilled from,Ps. Diisopropylamine
and pyridine were dried by distillation over KOH. The preparation of
7a (Ns-H), 8a, and17a(Ns-H) on large-scale (two-pot processes) has
been reported elsewhei®&?

One-Pot Process for Convertingp-(—)-Na-Methyl Tryptophan
Methyl Ester (10b) into trans-(1S,3R)-(—)-2-Benzyl-3-methoxycar-
bonyl-1-methoxycarbonylethyl-9-methyl-1,2,3,4-tetrahydro-9H-py-
rido[3,4-blindole (11b). Benzaldehyde (100.0 g, 0.94 mol) was added
to a solution ofb-(—)-Nymethyl tryptophan methyl estet@h) (200.0
g, 0.87 mol) in dry methanol (1300 mL). The solution which resulted
was stirred fo 2 h atroom temperature. The mixture was then cooled
to —30 °C, and sodium borohydride (16.6 g, 0.42 mol) was added
portionwise over a periodfdl h (the internal temperature was kept
below —10 °C). The reaction was monitored by TLC (silica gel) with
EtOAc/hexane (1:1) as the eluef® & 0.59 for the product, anBs =
0.44 for the imine), and the process was found to be complete after
the addition of sodium borohydride. The solution which resulted was
allowed to stir for an additional 0.5 h followed by addition of acetic
acid (40 mL) at—10 °C. The solvent was removed under reduced
pressure. Chloroform (1500 mL) was added to dissolve the residue,
and methyl 4,4-dimethoxybutyrate (162 g, 1 mol) was then added in
one portion. The reaction solution was held at reflux for 12 h. The
solvent was removed under reduced pressure to provide a mixture of
trans- andcis-diesters which were separated by flash chromatography

successfully prepared via this approach. The oxyanion-Cope silica gel, EtOAc/hexane= 15:85) to provide the trans isomédb

rearrangement of trark2a(R=H) or 16a(R=CH) to generate
17a(R=H) or 18a(R=CHj3), respectively, provides facile entry
into the substructure of a number of sarpagine alkaléfisith
extremely high diastereoselectivity/R1, >30:1). The synthesis
of norsuaveolin® was accomplished via this strategy. Ajmaline

(307.6 g, 85%) and the cis diastereomer (30.6 g, 8.4%) in pure form.
The cis isomer was converted into the trans diastereddieby simply
stirring in TFA/CH.CI, or heating the reaction mixture in CHGbr a
longer period of time.

trans 11b. mp 119-120°C; [a]%

—54.6 €=0.95, CHC}); lit.5!

28 __ _ . .
has been employed as a class | antiarrhythmic agent in Europe["‘]D = —54.8 €= 1.42, CHCY) IR (KBr) 1735 cmi*; 'H NMR (250

for many years but is known to exhibit serious side effécts.

It is of medicinal interest to determine if the unnatural antipode,
(—)-ajmaline, behaves in the same fashion-a¢jmaline but
with fewer side effects or whether-§-ajmaline antagonizes the
activity of (+)-ajmaline at ion channels in the heart. The steps
described above provide a route (fraptryptophan) to prepare
the (—)-enantiomer of ajmaline via the trans transfer of chirality
in the asymmetric PictetSpengler reaction. The two-pot process
for the improved preparation of azabicyclo[3.3.1]Jnon@aer

7b (300 g scale) also streamlined this enantiospecific route to
1, 2, and 3. The strategy and chemistry employed in this
approach will be useful for the synthesis of other alkaloids in
the ajmaline/sarpagine/macroline series.

Experimental Section

MHz, CDCk) 6 1.85-2.00 (2H, m), 2.38 (1H, dt) = 17.5, 5.6 Hz),
2.61 (1H, ddd,J = 17.5, 9.6, 5.6 Hz), 3.05 (1H, dd,= 15.8, 5.5 Hz),
3.12 (1H, ddJ = 15.8, 11.0 Hz), 3.393.81 (2H, AB, J = 13.1 Hz),
3.50 (3H, s), 3.65 (3H, s), 3.51 (1H, ddi= 15.7, 5.2 Hz), 3.84 (3H,
s), 4.10 (1H, ddJ = 11.0, 5.5 Hz), 7.127.40 (8H, m), 7.60 (1H, d,
J = 8 Hz); 13C NMR (CDCk) 6 20.25, 27.90, 29.60, 29.71, 51.26,
52.00, 52.79, 53.32, 56.12, 106.29, 108.90, 118.12, 119.11, 121.32,
126.52, 126.96, 128.14, 129.29, 135.67, 137.46, 139.25, 173.34, 173.87;
CIMS (e, relative intensity) 421 (Mt 1, 100%).

Anal. calcd for GsHgN.O4: C, 71.40; H, 6.71; N, 6.67. Found: C,
71.61; H, 6.64; N, 6.57.

cis Isomer.mp 115-116°C; [o]2 = +20.2 £=1.46, CHCH); lit.3"
[0]Z = +20 ¢ = 0.96, CHC}); IR (KBr) 1740 cn; *H NMR (250
MHz, CDCk) ¢ 1.50 (1H, m), 1.95 (1H, m), 2.51 (1H, di,= 18.0,
6.0 Hz), 2.81 (1H, ddd) = 18.0, 9.8, 6.0 Hz), 3.05 (1H, dd,= 18.6,
6.3 Hz), 3.37 (1H, ddJ = 18.6, 2.1 Hz), 3.56 (3H, s), 3.65 (3H, s),
3.69 (3H, s), 3.75 (1H, dl = 9.5 Hz), 3.89 (2H, s), 3.92 (1H, dd,=

Microanalysis was performed on an F and M Scientific Corp. Model 6.3, 2.1 Hz), 7.16-7.48 (8H, m), 7.58 (1H, d] = 9.4 Hz);°C NMR
185 carbon, hydrogen, and nitrogen analyzer. Melting points were taken (62.87 MHz, CDC}) 6 17.95, 29.10, 29.66, 29.66, 51.30, 51.83, 54.09,
on a Thomas-Hoover melting point apparatus and are reported 57.44, 61.16, 104.70, 108.79, 118.25, 118.93, 121.28, 126.58, 127.31,
uncorrected. Proton and carbon NMR spectra were recorded on a Brukerl28.36, 129.07, 134.65, 137.49, 138.93, 174.07, 174.25; CHu§ (
250 MHz, 300 MHz NMR spectrometer or a GE 500 MHz NMR relative intensity) 421 (Mt 1, 100%).
spectrometer. Infrared spectra were recorded on a Mattson Polaris IR-  Anal. calcd for GsHzgN2Os: C, 71.40; H, 6.71; N, 6.67. Found: C,
10400 spectrometer or a Nicolet MX-1 FT-IR spectrometer. Mass 71.37; H, 6.54; N, 6.77.
spectral data (EI/CI) were obtained on a Hewlett-Packard 5985B GC-  One-Pot Process for Convertingtrans-(1S,3R)-(—)-2-Benzyl-3-
mass spectrometer or a VG Autospec (Manchester, England) massmethoxycarbonyl-1-methoxycarbonylethyl-9-methyl-1,2,3,4-tetrahy-
spectrometer. Optical rotations were measured on a JASCO DIP-370dro-9H-pyrido[3,4-b]indole 11b into (6S,105)-(—)-5-Methyl-9-oxo-
polarimeter. 12-benzyl-6,7,8,9,10,11-hexahydro-6,10-imino-5H-cycloocta[b]in-

All chemicals were purchased from Aldrich Chemical Co. unless dole (—)-7b. The trans diestet1b (208.0 g, 0.5 mol) was dissolved in
otherwise noted. The analytical TLC plates used were E. Merck (61) Cox, E. D.; Hamaker, L. K.; Li, J.; Yu, P.; Czerwinski, K. M.; Deng,

Brinkmann UV active silica gel (Kieselgel 60 F254) on plastic. The L.; Bennett, D. W.; Cook, J. M.; Watson, W. H.; Krawiec, M.Org_ Chem.
TLC plates were visualized under UV light or developed with spray 1997 62, 44.




7006 J. Am. Chem. Soc., Vol. 121, No. 30, 1999 Li et al.

dry toluene (400 mL) and added to a mixture of sodium hydride (60.8 118.40, 119.72, 121.91, 127.33, 127.49, 128.49, 128.81, 133.28, 136.06,
g of 60% NaH) and dry toluene (2600 mL) under an atmosphere of 138.65, 143.66, 147.81, 192.56; CIM®/¢, relative intensity) 329 (M
argon. Dry methanol (52 mL) was added carefully (a large amount of + 1, 100%).

H, was evolved at this point). The mixture was stirred at room Anal. calcd for G:H20N20: C, 80.46; H, 6.14; N, 8.53. Found: C,
temperature for 0.5 h and then heated to reflux for an additional 4 h. 79.92; H, 6.12; N, 8.45.

The reaction was quenched with glacial acetic acid (50 mL), and the  (6S,10S)-(—)-5-Methyl-9-formyl-12-benzyl-6,7,10,11-tetrahydro-
solvent was removed under reduced pressure. At this point the reaction6,10-imino-5H-cycloocta[blindole 8bwas prepared following the
vessel also contained mineral oil, which was decanted. Additional procedure reported in ref 37.

glacial acetic acid (700 mL), hydrochloric acid (1000 mL, concentrated), (6S, 105)-5-Methyl-9-(1'-hydroxy-hex-3-enyl)-12-benzyl-6,7,10,-
and water (260 mL) were added to the reaction solution, and the mixture 11-tetrahydro-6,10-imino-5H-cycloocta[b]indolecis-16b. To a 100
which resulted was heated at reflux for 8 h. After removal of the solvent mL flask which contained lithium metal (81.0 mg, 11.7 mmol) in dry
under reduced pressure, the residue was brought to pH 9 by the additionTHF (30 mL) was added biphenyl (1.8 g, 11.7 mmol). The mixture
of ag NaOH (3 N). The mixture which resulted was extracted with was stirred for 16 h until the lithium was consumed. Freshly dried Bal
CH,Cl, (4 x 2000 mL), and the combined organic extracts were washed (2.20 g, 5.6 mmol) was added and the reaction mixture stirred for 1 h

with saturated ag NKCI (1000 mL) and brine (2x 1000 mL) and
dried with KxCOs. The organic solution was then filtered through a

and then cooled te-78 °C. A solution of thea,-unsaturated aldehyde
8b (1.03 g, 3.0 mmol) and cis 1-bromo-2-penteib (745 mg, 5. 0

short column of alumina. Removal of the solvent under reduced pressuremmol) in THF (10 mL) was added via a double-ended needle over 30

afforded an oil which was chromatographed on silica gel with EtOAc/
hexane (3:7) to provide the tetracyclic ketofte)-7b (144 g, 88%).
7b.mp 142-144°C; [a]% = —203.4 ¢ = 0.51, CHCW); lit.3 [o]2®
—200.5 €= 0.62, CHC}); IR (KBr) 1710 cnT?; *H NMR (250 MHz,
CDCls) 6 1.95-2.20 (2H, m), 2.45 (2H, m), 2.69 (1H, d,= 16.2
Hz), 3.24 (1H, ddJ = 16.2, 6.3 Hz), 3.61 (3H, s), 3.71 (2H, s), 3.76
(1H, d,J = 6.3 Hz), 4.05 (1H, tJ = 4.0 Hz), 7.15 (1H, tJ = 8.1 Hz),
7.25 (1H, t,J = 8.2 Hz), 7.36-7.38 (6H, m), 7.52 (1H, d, 8.2 Hz);
CIMS (mV/e, relative intensity) 331 (Mt 1, 100%).

Anal. caled for GoHN.O: C, 79.97; H, 6.71; N, 8.48. Found: C,
79.98; H, 6.75; N, 8.48.

(6S,109)-(—)-9-Formyl-12-benzyl-6,7,10,11-tetrahydro-6,10-imino-
5H-cycloocta[b]indole 8a.A solution of diisopropylamine (56.38 mL,
0.4 mol) andn-butyllithium (160 mL, 2.5 M in hexane) in THF (300
mL) was cooled to—78 °C under an atmosphere of argan-Chlo-
romethyl phenyl sulfoxide (70 g, 0.4 mol) was dissolved in THF (80
mL) and added to the above chilled solution of freshly generated LDA.
The yellow mixture which resulted was stirred for 30 min-ai8 °C,
after which the keton&a®263(50 g, 0.161 mol) in THF (400 mL) was

min. The mixture was stirred at78 °C for an additionb2 h and then
quenched with 10% NKDH (3 mL). The solvent was removed under
reduced pressure. The residue which resulted was dissolved in a mixture
of CH,Cl, and HO (1:1, 150 mL) and the aqueous layer was extracted
with CH.ClI; (20 mL x 3). The combined organic layers were washed
with brine (30 mL), dried (KCOs), and concentrated. The residue which
resulted was first passed through a short column of alumina (elution
with hexane) to remove biphenyl. The crude product was then
chromatographed on silica gel (ethyl acetate/hexar7) to obtain

the 1,2-addition product (ci$6b) as a mixture of two diastereomers:
major isomer, 0.77 g, (62.3%); and minor isomer, 0.28 g, (22.8%)
(combined yield 85.1%).

Major Isomer of cis-16b. IR (KBr) 3387 cn1?; IH NMR (250 Hz,
CDCly) 6 0.97 (3H, t,J = 7.4 Hz), 2.01 (3H, m), 2.31 (1H, m), 2.45
(1H, m), 2.75 (1H, ddJ) = 17.3, 5.4 Hz), 2.87 (1H, d] = 5.7 Hz),
3.13 (1H, ddJ = 16, 5.7 Hz), 3.57 (3H, s), 3.80 (3H, m), 4.02 (2H,
d,J= 5.6 Hz), 5.30 (1H, m), 5.50 (1H, m), 5.6 (1H, s), 7.30 (9H, m);
15C NMR (62.8 MHz, CDCJ) 6 14.09 (CH), 20.71 (CH), 22.93 (CH),
29.15 (CH), 29.99 (CH), 33.31 (CH), 48.32 (CH), 52.49 (CH), 56.54
(CHy), 73.44 (CH), 105.28 (C), 108.62 (C), 118.10 (CH), 118.80 (CH),

added dropwise via a double-ended needle over a period of 1 h. The120.06 (CH), 120.83 (CH), 124.60 (CH), 126.95 (CH), 128.22 (CH),

reaction solution was stirred fo2 h and then brought to room
temperature and diluted with THF (2000 mL). A solution of aq KOH

128.72 (CH), 134.72 (CH), 135.71 (C), 137.08 (C), 139.13 (C), 141.42
(C); EIMS (mVe, relative intensity) 412 (M, 100%).

(1300 mL, 15 N) was added, and the heterogeneous mixture was stirred  Anal. calcd for GgHsN.O-Y,H,0O: C, 79.81; H, 7.83; N, 6.65.
at room temperature for 16 h. The organic layer was removed, and theFound: C, 79.54; H, 7.66; N, 6.63.

aqueous phase was extracted with EtOAc 31000 mL). The
combined organic fractions were washed with saturated ag-Ng300
mL) and brine (500 mL) and dried with KOs. The solvent was

Minor Isomer of cis-16b.IR (KBr) 3386 cnt; *H NMR (250 Hz,
CDCly) 6 0.96 (3H, t,J = 7.5 Hz), 2.05 (3H, m), 2.31 (2H, m), 2.69
(2H, m), 3.09 (1H, ddJ = 15.7, 5.6 Hz), 3.52 (1H, m), 3.64 (3H, s),

removed under reduced pressure to provide a crude mixture of 3.72 (2H, ddJ = 31.9, 13.5 Hz), 4.02 (2H, d, = 5.6 Hz), 5.39 (1H,

diastereomers (1:1) of the phenylsulfinyl oxirane. The crude mixture
was used directly in the next step without further separation and
purification. The mixture of phenylsulfinyl oxirane diastereomers was
added to a solution of dioxane (2500 mL), which contained lithium

m), 5.51 (1H, m), 5.71 (1H, s), 7.23 (9H, MPC NMR (62.8 Hz,
CDCly) 6 14.19 (CH), 20.75 (CH), 22.85 (CH), 29.21 (CH), 29.59
(CHy), 34.99 (CH), 48.78 (CH), 52.94 (CH), 56.67 (GH 72.17 (CH),
105.19 (C), 108.70 (CH), 117.41 (CH), 118.03 (CH), 118.88 (CH),

perchlorate (20 g). The slurry was heated at reflux under an atmosphere120.91 (CH), 124.55 (CH), 127.03 (CH), 128.29 (CH), 128.72 (CH),

of argon for 4 days. The reaction was monitored by TLC (silica gel,
EtOAc/hexane= 2:3) on the basis of the disappearance of oxirane,
which has a loweR; value. The reaction solution was allowed to cool
to room temperature and diluted with @&, (4000 mL). The organic
layer was washed with 10% aq ammonia (500 mL) and brine (500
mL) and dried with KCOs. The solvent was removed under reduced
pressure. The oil which resulted was chromatographed (silica gel,
EtOAc/hexane= 20:80) to provide thex,S-unsaturated aldehydga

as an amorphous solid (45 g, 87%)(1]17 = —322.8 ¢ = 1.05,
CHCly); FTIR (NaCl) 1670, 3393 cnt; *H NMR (250 MHz, CDC})

0 2.37 (1H, ddJ = 19.20, 5.00 Hz), 2.65 (1H, d,= 16.40 Hz), 2.95
(1H, dd,J = 19.20, 5.20 Hz), 3.22 (1H, dd,= 16.50, 5.90 Hz), 3.71
(1H, d,J = 13.40 Hz), 3.85 (1H, dJ = 13.40 Hz), 4.01 (1H, dJ =

5.50 Hz), 4.22 (1H, dJ = 5.60 Hz), 6.72 (1H, dJ = 2.90 Hz), 7.12
(1H, t,J = 6.75 Hz), 7.17 (1H, tJ = 6.90 Hz), 7.25-7.50 (6H, m),
7.49 (1H, d,J = 7.20 Hz), 7.70 (1H, s), 9.33 (1H, sfC NMR (62.8
MHz, CDCl) 6 22.12, 32.96, 49.36, 50.29, 56.40, 106.31, 110.99,

(62) Yu, P., Ph.D. Thesis, University of Wisconsin-Milwaukee, 1999.
(63) Yu, P.; Wang, T.; Li, J.; Cook, J. M. manuscript in preparation.

134,85 (CH), 135.85 (C), 135.85 (C), 137.11 (C), 139.11 (C), 142.61
(C); EIMS (nVe, relative intensity) 412 (M, 100%).

Anal. caled for GgHzN.O-Y/sH,O: C, 80.38; H, 7.81; N, 6.69.
Found: C, 80.43; H, 7.68; N, 6.55.

(6S,105)-5-Methyl-9-(1'-hydroxy-hex-3-enyl)-12-benzyl-6,7,10,-
11-tetrahydro-6,10-imino-5H-cycloocta[b]indoletrans-16b. Lithium
metal (220 mg, 31.7 mmol) was added to a solution of biphenyl (5.04
g, 32.7 mmol) in THF (100 mL) at 0C. The solution was allowed to
stir at room temperature for 12 h and then was cooled-78 °C.
Freshly dried Bal(6.04 g, 15.4 mmol) was added to the above solution
at —78 °C. The mixture was stirred at room temperature Zch and
then cooled to—78 °C. A solution of trans 1-bromo-2-penterida
(2.14 g, 14.3 mmol) andB-unsaturated aldehydeb (1.18 g, 3.6
mmol) in THF (60 mL) was added to the above reaction mixture at
—78°C dropwise over a period of 1 h. The reaction solution was stirred
at —78 °C for 4 h and then was brought to pH 7 with an aqueous
solution of NH,CI and then extracted with EtOAc (8 50 mL). The
organic layer was washed with brine £250 mL) and dried (KCOs).
The solvent was removed under reduced pressure. The oil which
resulted was chromatographed (silica gel, EtOAc/hexarg9:70) to
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provide the allylic alcohol tran&éb (1.28 g, 90%) as a mixture of 135.85, 136.01, 139.10, 140.00, 141.86; CINM% relative intensity)

two diastereomers in a ratio of 4:1. 399 (M + 1, 100%).

Major Isomer of trans-16b.'H NMR (300 MHz, CDC}) ¢ 0.97 Anal. calcd for G;H3zoN2O: C, 81.37; H, 7.59; N, 7.03. Found: C,
(3H,t,J= 7.3 Hz), 2.02 (2H, m), 2.29 (1H, §,= 7.4), 2.75 (1H, dd, 81.48; H, 7.41; N, 6.90.
J=17.0, 7.5 Hz), 2.85 (1H, d] = 16 Hz), 3.10 (1H, ddJ = 16.0, Oxy-anion Cope Rearrangement To Convert (6,105)-9-(1'-

6.0 Hz), 3.56 (3H, s), 3.68 (2H, dd,= 19.0, 14.8 Hz), 3.85 (1H, § Hydroxy-3'-hexenyl)-12-benzyl-6,7,10,11-tetrahydro-6,10-imino-5H-
= 5.66 Hz), 4.02 (1H, tJ = 5.8 Hz), 5.27-5.43 (1H, m), 5.56:5.61 cycloocta[blindoletrans-12a into (6S,108)-8-(1'-Ethyl-2'-propenyl)-
(2H, m), 7.06 (1H, tJ = 7.6 Hz), 7.17 (1H, t) = 7.7 Hz), 7.24-7. 12-benzyl-6,7,8,9,10,11-hexahydro-6,10-imino-5H-cyclooctalbjindole-
36 (6H, m), 7.41 (1H, dJ = 7.7 Hz);*C NMR (75 MHz, CDC}) 6 9-carboxaldehydes 17a and 17bA solution of both diastereomers of
13.76, 23.04, 25.65, 29.22, 29.98, 38.88, 48.51, 52.58, 56.67, 73.23,3|lylic alcohol transt2a (10.2 g, 25.7 mmol) obtained from the last

105.43, 108.68, 118.19, 118.86, 119.98, 120.91, 125.05, 127.08, 127.30gtep and 18-crown-6 (14.5 g, 54.9 mmol) in dry dioxane (1000 mL)
128.30, 128.78, 135.84, 136.06, 137.19, 139.24, 141.47; EWI& (  was added to a suspension of KH (5.60 g, 140 mmol) in dry dioxane

relative intensity) 412 (M, 100%). (500 mL). The light yellow-colored mixture which resulted was stirred
Anal. calcd for GgH3:N,O: C, 81.35; H, 7.99; N, 6.78. Found: C, at room temperature f® h and then heated to reflux under argon for
81.25; H, 8.03; N, 6.57. 14 h. The reaction mixture was allowed to cool to room temperature,

Minor Isomer of trans-16a.'H NMR (300 MHz, CDC}) 6 0.97 after which it was quenched by careful addition of methanol (50 mL)
(3H,t,J= 7.3 Hz), 2.02 (2H, m), 2.20 (1H, §,= 7.4), 2.35 (1H, m), and then extracted with methylene chloride 3 500 mL). The
2.60-2.80 (2H, m), 2.71 (1H, dJ = 16.7 Hz), 3.08 (1H, ddJ = combined organic extracts were washed with water (200 mL) and brine
16.5, 7.5 Hz), 3.57 (3H, s), 3.61 (1H, 3= 13.5 Hz), 3.80 (1H, dJ (200 mL), dried (kCGOs), and concentrated under reduced pressure.
= 13.5 Hz), 4.03 (1H, dJ = 6.0 Hz), 5.46-5.72 (3H, m), 7.07 (1H, The residue which resulted was chromatographed on silica gel (EtOAc/
t,J = 7.6 Hz), 7.17 (1H, tJ = 7.7 Hz), 7.24-7. 36 (6H, m), 7.47 hexane= 2:8) to provide alkenic aldehydd¥aand17b which were
(1H, d,J = 7.7 Hz);'3C NMR (75 MHz, CDC}) 6 13.78, 23.00, 25.64, the rearrangement products from thdace (8.7 g, 85%); the ratio of
29.20, 29.51, 40.50, 48.86, 52.95, 56.73, 72.01, 105.30, 108.70, 117.4117ato 17bwas 4:1 on the basis of the isolated material. Only a trace
118.06, 118.89, 120.91, 124.91, 127.04, 127.30, 128.31, 128.70, 136.040f the mixture of alkenic aldehydes which arose from rearrangement

137.16, 139.71, 142.00; EIM&n(e, relative intensity) 412 (M, 100%). from the3 face was detected b NMR.
Anal. calcd for GgH3.N,O: C, 81.35: H, 7.99; N, 6.78. Found: C, Major Isomer 17a. FTIR (NaCl) 1452, 1708, 2954, 3396 ctp'H
81.00; H, 7.69; N, 7.03. NMR (250 MHz, CDC}) 6 0.69-0.90 (4H, m), 1.46-1.65 (2H, m),
1,2-Addition of trans-1-Bromo-2-pentene 14a to thet,-Unsatur- 1.83 (1H, d,J = 12.70 Hz), 2.16 (1H, dt] = 12.70, 4.10 Hz), 2.29
ated Aldehyde 8a To Provide the Diastereomers of &105)-9-(1- (1H, dg,J = 9.90, 3.15 Hz), 2.48 (1H, d, 16.80 Hz), 2.49 (1HJd=

Hydroxy-3'-hexenyl)-12-benzyl-6,7,10,11-tetrahydro-6,10-imino-5H- ~ 1.70 Hz), 3.34 (1H, ddJ = 16.80, 7.40 Hz), 3.59 (1H, s), 3.69 (1H,
cycloocta[blindoletrans-12a.A mixture of lithium metal (1.72 g, 0.248 ~ dd,J = 7.20, 1.90 Hz), 4.00 (1H, s), 4.85.04 (2H, m), 5.155.70
mol) and biphenyl (40.0 g, 0.260 mol) in freshly distilled THF (400 (1H, m), 7.15-7.39 (8H, m), 7.57 (1H, dd) = 6.68, 2.10 Hz), 7.75

mL) was stirred at room temperature overnight. Freshly dried @&L0 (1H, s), 9.94 (1H, $)}*C NMR (62.8 MHz, CDCJ) 6 11.55, 21.88,
g, 0.120 mol) was then added to the above dark blue solution, and the24-60, 31.85, 33.10, 46.94, 52.41, 53.65, 55.86, 57.78, 107.48, 111.08,

mixture which resulted was stirred at room temperature for 1 h. The 116.79, 118.11, 119.55, 121.56, 127.05, 127-1_7v 1_28'38'_ 128.65, 133.29,
dark red solution which formed was cooled 8 °C in a cooling 135.84, 139.04, 140.67, 204.66; CIM#/¢, relative intensity) 399 (M
bath of dry ice/EtOAc. A solution ofi,3-unsaturated aldehyc@a (10.0 + 1, 100%).

g, 0.0305 mol) andrans-1-bromo-3-pentene (18.8 g, 0.126 mol) in Anal. Calcd for G/H3N2O: C, 81.37; H, 7.59; N, 7.03. Found: C,
THF (160 mL) was added dropwise to the above chilled solution of 81.48; H, 7.61; N, 6.70.

barium metal after which the mixture was stirred-af8 °C for an Minor Isomer 17b. FTIR (NaCl) 1449, 1709, 2913, 2958, 3396
additional 2 h. The reaction mixture was poured into an ice cooled ¢cm%; 'H NMR (250 MHz, CDC}) 6 0.78 (3H, t,J = 7.20 Hz), 0.85
aqueous solution of N¥DH (10%, 100 mL) and extracted with EtOAc 1,30 (2H, m), 1.35-1.50 (1H, m), 1.76-2.05 (3H, m), 2.57 (1H, dJ

(38 x 200 mL). The combined organic layers were washed with water = 17.00 Hz), 2.91 (1H, dtJ = 11.90, 4.13 Hz), 3.08 (1H, dd, =
(100 mL) and brine (100 mL) and then dried with®O;. The solvent 17.10, 6.70 Hz), 3.62 (1H, § = 6.10 Hz), 3.70 (2H, qJ = 9.40 Hz),
was concentrated to give a crude oil which was purified by flash 3.89 (1H, t,J = 3.10 Hz), 4.88-5.03 (2H, m), 5.36-5.50 (1H, m),
chromatography (EtOAc/hexare 20:80) to provide the isomers of  7.14-7.39 (8H, m), 7.53 (1H, dd) = 6.60, 1.80 Hz), 7.71 (1H, s),
allylic alcohol transt2a(11.0 g, 90%) as a mixture of two diastereomers  9.75 (1H, d,J = 3.50 Hz);*C NMR (62.8 MHz, CDC}) ¢ 12.44,

in a ratio of 4:1. 18.99, 22.36, 32.34, 33.12, 49.01, 51.52, 53.29, 56.61, 57.08, 107.30,
Major Isomer of trans-12a.FTIR (NaCl) 1457, 1470, 1654, 2958,  111.04,116.92, 118.16, 119.57, 121.58, 127.05, 127.17, 128.41, 128.65,

3439 cn?; 'H NMR (250 MHz, CDCH) 6 0.98 (3H, t,J = 7.40 Hz), 133.40, 135.92, 139.01, 140.26, 205.76; CIME relative intensity)

1.95-2.05 (4H, m), 2.31 (2H, t) = 6.30 Hz), 2.67 (1H, dd] = 17.20, 399 (M + 1, 100%).

5.50 Hz), 2.85 (1H, dJ = 16.0 Hz), 3.12 (1H, ddJ = 15.70, 5.20 Anal. calcd for GHaoN20: C, 81.37; H, 7.59; N, 7.03. Found: C,

Hz), 3.70 (1H, d,J = 13.40 Hz), 3.81 (1H, dJ = 13.90 Hz), 3.89 80.78; H, 7.51; N, 6.65.

(2H, bs), 4.03 (1H, ) = 6.10 Hz), 5.255.60 (3H, m), 7.157.45 Oxy-anion Cope Rearrangement To Convert (6,105)-5-Methyl-
(8H, m), 7.50 (1H, dJ = 7.00 Hz), 7.73 (1H, s)*C NMR (62.8 9-(2-hydroxy-hex-3-enyl)-12-benzyl-6,7,10,11-tetrahydro-6,10-imino-
MHz, CDCk) 6 13.64, 22.99, 25.71, 30.69, 38.83, 49.45, 52.66, 56.54, 5H-cycloocta[b]indole cis-16b into (6S,105)-5-Methyl-8-(1"-ethyl-
73.24,106.14, 110.92, 118.21, 119.35, 120.43, 121.37, 125.05, 127-10-2’-propenyl)-12-benzyl-6,7,8,9,10,11-hexahydro-6,10-imin0-5H-
127.68, 128.35, 128.91, 134.79, 135.93, 136.08; CIM& (relative cyclooctalblindole-9-carboxaldehydes 18a, 18c, 19, and 2@

intensity) 399 (M+ 1, 100%). solution of allylic alcoholcis-16b (100 mg, 0.243 mmol) and 18-
Anal. calcd for GHzoN20: C, 81.37; H, 7.59; N, 7.03. Found: C,  crown-6 (128 mg, 0.48 mmol) in dry dioxane (5 mL) was added to a

81.48; H, 7.41; N, 6.90. suspension of KH (60 mg, 1.54 mmol) in dry dioxane (5 mL). The
Minor Isomer of trans-12a.FTIR (NaCl) 1457, 1470, 1654, 2958,  light yellow-colored mixture which resulted was stirred at room
3439 cm?; *H NMR (250 MHz, CDC}) 6 0.98 (3H, t,J = 7.50 Hz), temperature for 0.5 h and then heated to reflux under argon for 2 h.
1.98-2.10 (4H, m), 2.26-2.50 (2H, m), 2.67 (1H, dJ = 16.0 Hz), The reaction mixture was allowed to cool to room temperature and

2.95-3.15 (1H, m), 3.05 (1H, s), 3.56 (1H, d= 5.63 Hz), 3.69 (1H, quenched by careful addition of ethanol (2 mL). A saturated solution
d,J = 13.60 Hz), 3.80 (1H, dJ = 13.60 Hz), 3.92 (1H, dJ = 4.43 of NH4CI (50 mL) and ethyl acetate (100 mL) was added to the above
Hz), 4.15 (1H, bs), 4.865.70 (3H, m), 7.16-7.45 (8H, m), 7.46 (1H, mixture. The aqueous layer was extracted with ethyl acetate 28
d,J=4.75 Hz), 7.67 (1H, s)}**C NMR (62.8 MHz, CDC}) 6 13.62, mL). The combined organic extracts were washed with water and brine,
22.88, 25.69, 30.26, 40.52, 49.60, 53.01, 56.60, 71.90, 106.30, 110.83dried (K.COs), and concentrated under reduced pressure. The residue
117.78,118.11,119.39, 121.39, 124.90, 127.11, 127.69, 128.34, 128.81which formed was chromatographed on silica gel (EtOAc/hexane
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20:80) to provide alkenic aldehydé&8a, 19, 20, and18cin a ratio of 2-Epihydroxydiacetylajmaline 29.21-O-Acetylajmalal A ethylene
2:3:3:2. The combined yield for the rearrangement was 83%. acetal29 (100 mg, 0.244 mmol) was added to a mixture of acetic acid
20.IR (KBr) 1722 cnt%; *H NMR (250 MHz, CDC}) 6 0.69 (3H, (3 mL) and aqueous concentrated HCI (0.2 mL), and the mixture which

t,J=7.3 Hz), 1.12 (1H, m), 1.78 (2H, m), 2.05 (2H, m), 2.50 (1H, d, resulted was stirred fa3 h atroom temperature. Acetic anhydride (3
J=17.1Hz), 2.91 (1H, m), 3.09 (1H, dd= 6.9, 17.1 Hz), 3.58 (3H, mL) was then added, and the reaction mixture was saturated with HCI
s), 3.59 (1H, m), 3.61 (1H, d,= 13.4 Hz), 3.71 (1H, d) = 13.4 Hz), gas and then stirred at room temperature for 2 days. The solvent was
3.98 (1H, m), 4.91 (1H, dd) = 1.8, 17 Hz), 5.12 (1H, dd] = 2.1, removed under reduced pressure. The residue which resulted was
10.2 Hz), 5.56 (1H, m), 7.23 (8H, m), 7.50 (1H,H= 7.4 Hz), 9.74 dissolved in a mixture of C¥Cl, and NaHCQ (2:1, 150 mL), and the

(1H, d, J = 2.3 Hz);3C NMR (62.8 MHz, CDC{) ¢ 12.07, 19.00, aqueous layer was extracted with &Hp (20 mL x 3). The combined
25.27, 28.97, 29.26, 32.00, 46.70, 50.34, 52.12, 56.62, 57.35, 106.56,0rganic layers were washed with brine (30 mL), dried@Kx), and
108.86,117.67,118.13, 119.02, 121.01, 126.24, 127.11, 128.32, 128.67concentrated under reduced pressure. The crude product was chro-

134.01, 138.10, 139.92, 204.53; EIM#/¢, relative intensity) 412 (M, matographed on silica gel (hexane/ethyl acetatg:7) to obtain 88.3

100%). mg of the hydroxyl compoun#9 as a single diastereomer (85%). The
18a.IR (KBr) 1718 cnmr%; *H NMR (250 MHz, CDC}) 6 0.69 (3H, structure of this material was confirmed by X-ray crystallograghy.

t,J=7 Hz), 1.61 (3H, m), 1.74 (1H, m), 2.12 (1H, dii= 4.2, 12.7 29. IR (KBr) 1471, 1738, 3187, 3495 crfi 'H NMR (250 MHz,

Hz), 2.25 (1H, m), 2.45 (1H, m), 2.46 (1H, d= 16.9 Hz), 3.31 (1H, = CDCk) 6 0.94 (3H, t,J = 7.1 Hz), 1.4 (4H, m), 1.93 (3H, s), 1.97
dd, J = 7.5, 16.9 Hz), 3.54 (1H, dJ = 4.4 Hz), 3.55 (1H, m) 3.55  (1H,t,J = 6.0 Hz), 2.11 (3H, s), 2.30 (2H, d,= 2.7 Hz), 2.38 (2H,

(3H, s), 3.68 (1H, ddJ = 2.1, 7.3 Hz), 4.06 (1H, m), 4.86 (1H, dd,  m), 2.72 (3H, s), 2.82 (1H, s), 3.23 (1H, m), 3.40 (1H,Jd 10 Hz),

= 2.3, 16.8 Hz), 5.00 (1H, dd] = 2.3, 10.2 Hz), 5.18 (1H, m), 7.2 5.14 (1H, s), 5.31 (1H, s), 6.59 (1H, d= 7.8 Hz), 6.75 (1H, tJ =

(8H, m), 7.56 (1H, d, 7.4 Hz), 9.92 (1H, 4, = 1.5 Hz); 3C NMR 7.5 Hz), 7.09 (1H, dJ = 7.4 Hz), 7.15 (1H, tJ = 7.7 Hz);3C NMR

(62.8 MHz, CDC}) 6 11.46, 21.90, 24.54, 28.91, 31.19, 32.87, 46.94, (62.8 MHz, CDC}) 6 12.12, 21.09, 21.26, 24.42, 25.67, 27.90, 28.53,
50.96, 53.63, 55.73, 57.86, 106.12, 108.95, 116.71, 118.08, 118.98,31.18, 39.48, 47.06, 53.01, 57.08, 61.72, 78.58, 87.94, 97.14, 108.46,
121.02, 126.12, 127.13, 128.31, 128.67, 134.44, 138.97, 140.61, 204.491.18.58, 124.34, 127.68, 128.46, 151.77, 169.28, 169.88; HR EIMS

EIMS (e, relative intensity) 412 (M, 100%). Co4H30N20s requires (e, relative intensity) 426.2154, found 426.2140-
19.1R (KBr) 1721 cmr}; 'H NMR (250 MHz, CDC}) 6 0.69 (3H, (100%).

t,J = 7.3 Hz), 1.55 (3H, m), 1.68 (1H, m), 1.97 (1H, dt= 4.2, 12.8 Anal. caled for GHsoN2Os: C, 67.61; H, 7.04; N, 6.57. Found: C,

Hz), 2.11 (1H, m), 2.48 (1H, dl = 16.8 Hz), 2.49 (1H, m), 3.39 (1H, 67.38; H, 7.19; N, 6.28.

dd,J= 7.5, 16.9 Hz), 3.51 (1H, m), 3.56 (3H, s), 3.62 (1HJds 8.5 2-Epidiacetylajmaline 30 and Diacetylajmaline 312-Epihydroxy-

Hz), 3.69 (1H, dJ = 4.4 Hz), 4.06 (1H, m), 4.82 (2H, m), 5.09 (1H, diacetylajmaline29 (50 mg, 0.12 mmol) was dissolved in dry GEl,

m), 7.2 (8H, m), 7.52 (1H, d = 7.2 Hz), 10.06 (1H, tJ = 0.7 Hz); (5 mL), and BR-etherate (0.4 mL) was added dropwise over 5 min,
EIMS (e, relative intensity) 412 (M, 100%). after which PtQ (30 mg) was added. The mixture was hydrogenated
18c was composed of a mixture of two isomers which were not (benchtop) under 1 atmzor 24 h. The reaction mixture was diluted
separable by chromatographi NMR (250 MHz, CDC}) 6 2.6 (1H, with CH,Cl, (100 mL), washed with an aqueous solution of NaHCO

dd,J=4.9, 17.2 Hz), 3.05 (1H, m), 3.19 (1H, m), 5.61 (1H, m), 9.97 (10%, 30 mL) and brine (30 mL), and dried (Mg9OThe solvent
(1H, s). was removed under reduced pressure. The residue was separated by

(6S,105)-5-Methyl-8-(1'-ethyl-pent-2-enyl)-12-benzyl-6,7,8,9,10,- preparative TLC (silica gel, hexane/ethyl acetate3:7) to provide
11-hexahydro-6,10-imino-cycloocta[bjindole-9-carboxaldehydes 23a,b,c,d,  2-epidiacetylajmaline30) (25.6 mg, 53.4%) and diacetylajmalir@lj
26a,b, and 27a,bwere prepared following the procedure reported in  (17.1 mg, 35.6%).
ref 37. The spectral properties of these bases were identical to the 30.IR (KBr) 1463, 1609, 1738, 2930 crt *H NMR (250 MHz,
reported valued' CDCls) 6 0.95 (3H, t,J = 7.3 Hz), 1.4 (2H, m), 1.52 (2H, m), 1.72

21-0-Acetylajmalal A Ethylene Acetal 28. The S-aldehyde27a (1H, d,J = 11.8 Hz), 1.93 (3H, s), 2.01 (1H, m), 2.11 (3H, s), 2.35
(100 mg, 0.218 mmoty was dissolved in dry DME (5 mL), and the  (2H, m), 2.49 (1H, ddJ = 11.7, 4.9 Hz), 2.63 (3H, s), 3.18 (2H, dd,
Pd/C catalyst (10%, 10 mg) was added. The slurry which resulted was J = 11.1, 5.7), 3.65 (1H, d) = 9.8, 4.8 Hz), 5.12 (1H, s), 5.26 (1H,
allowed to stir at room temperature under 1 atm of fr 48 h. s), 6.63 (1H, dJ = 7.5 Hz), 6.75 (1H, t) = 7.3), 7.09 (1H, d = 7.5
Examination of the mixture by TLC (silica gel, hexane/EtOAd:1) Hz), 7.19 (1H, dtJ = 7.7, 1.3);**C NMR (62.8 MHz, CDC}) 6 12.17,
indicated the disappearance of startigp and the appearance of a  21.17, 21.31, 23.54, 25.49, 25.91, 34.14, 37.21, 40.04, 47.51, 47.91,
new component (loweR). Acetic anhydride (44.5 mg, 0.436 mmol)  55.89, 57.00, 74.90, 78.33, 88.65, 109.10, 118.81, 123.87, 128.27,
and DMAP (26.7 mg, 0.218 mmol) were then added directly to the 129.78, 154.39, 169.39, 170.03; HR EIMS4830N-O;4 requires (e,
flask, and this mixture was stirred for an additional 2 h. The catalyst relative intensity) 410.2207, found 410.2227 (100%).
was filtered from the reaction mixture and washed with DME (5 mL Anal. caled for G4HsoN2O4: C, 70.24; H, 7.32; N, 6.83. Found: C,

x 3), and the filtrate was concentrated under reduced pressure. The70.28; H, 7.40; N, 6.73.

residue which resulted was dissolved in CE@50 mL) and washed 31.IR (KBr) 1611, 1738, 3052, 3187, 3495 cin *H NMR (250
with a solution of ag NaHC©(10%, 40 mL) and brine (40 mL). The MHz, CDClk) 6 0.95 (3H, t,J = 7.1 Hz), 1.42 (1H, m), 1.47 (1H, m),
CHCl; layer was dried (MgS§), and the solvent was concentrated under 1.70 (1H, m), 1.74 (1H, m), 1.77 (1H, m), 1.93 (1H, dds 12.7, 5.5
reduced pressure. The residue was passed through a short wash columiz), 2.07 (1H, m), 2.10 (3H, s), 2.15 (1H, 3= 12 Hz), 2.21 (3H, s),
of silica gel (hexane/EtOAc 4:1) to provide 81.4 mg of 20- 2.50 (1H, m), 2.72 (1H, s), 2.78 (3H, s), 3.05 (1H) & 5.9 Hz), 3.63
acetylajmalal A ethylene acetaB (91%). (1H, d,J=8Hz), 5.25 (1H, s), 5.28 (1H, s), 6.68 (1H,H5= 7.8 Hz),

28.1R (KBr) 1467, 1740, 2932 cnt; 'H NMR (250 MHz, CDC}) 6.80 (1H, tJ= 7.6 Hz), 7.1 (1H, tJ = 7.6 Hz), 7.30 (1H, dJ = 7.3
0 0.95 (3H, t,J = 6.8 Hz), 1.48-1.72 (5H, m), 1.78 (1H, tJ = 10.5 Hz);*3C NMR (62.8 MHz, CDC{) ¢ 12.17, 21.23, 21.34, 25.11, 27.40,
Hz), 1.98 (1H, tJ = 9 Hz), 2.08 (1H, s), 2.12 (3H, s), 3.01 (1H, dd, 31.91, 34.63, 36.22, 43.11, 43.76, 48.53, 53.66, 54.50, 79.36, 80.16,
J=16.2, 6.4 Hz), 3.31 (1H, dl = 16.3 Hz), 3.65 (2H, m), 3.66 (3H, 88.91, 109.78, 119.33, 122.45, 127.73, 132.23, 153.99, 169.13, 170.43;
s), 3.82 (2H, m), 4.45 (1H, dd,= 3.8, 6.8 Hz), 4.48 (1H, d] = 8.3 HR EIMS G4H3dN20,4 requires e, relative intensity) 410.2205, found
Hz), 5.39 (1H, dJ = 3.8 Hz), 7.06 (1H, dtJ = 7.8, 1.1 Hz), 7.19 410.2232 (100%).

(1H, dt,J = 7.8, 1.1 Hz), 7.26 (1H, d) = 7.6 Hz), 7.48 (1H, dJ = (+)-Ajmaline 1. Diacetylajmaline31 (20 mg, 0.049 mmol) was
7.3);%C NMR (62.8 MHz, CDCJ) 6 11.68, 21.44, 22.76, 24.61, 27.21,  dissolved in CHOH (3 mL), and a solution of aq 40s (20%, 0.5
29.23, 30.39, 37.43, 42.20, 45.98, 49.85, 64.04, 64.62, 89.18, 103.34,mL) was added, after which the reaction mixture was stirred at room
104.87,108.55, 118.43, 118.73, 120.62, 126.49, 137.46, 138.46, 168.48temperature for 2 days. The solvent was removed under reduced
HR EIMS G4H30N204 requires /e, relative intensity) 410.2205, found  pressure. The residue which resulted was dissolved in a mixture of
410.2214 (100%). CH.CI; and HO (1:1, 150 mL), and the aqueous layer was extracted

Anal. calcd for GsH3zoN2O4: C, 70.24; H, 7.32; N, 6.83. Found: C,  with CH,Cl, (20 x 3). The combined CkCl, extracts were washed
70.05; H, 7.51; N, 6.67. with brine (30 mL), dried (KCO;), and concentrated under reduced
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pressure to provide 14.8 mg of-J-ajmaline () (93%), which was (1H, m), 6.22 (1H, dJ = 5.9 Hz), 7.03 (1H, ddd) = 7.9, 7.0, 0.9
identical in all respects (co-TLC, NMR, optical rotatiéf) with that Hz), 7.14 (1H, dddJ = 8.0, 7.2, 1.0 Hz), 7.42(1H, d = 8.0 Hz),

of an authentic sample (purchased from Sigma Company). 7.51(1H, d,J = 7.6 Hz); *C NMR (62.8 MHz, DMSO€) ¢ 12.46,

1. IR (KBr) 1463, 1605, 2952, 3402 cfy *H NMR (250 MHz, 25.08 28.69, 29.36, 30.80, 46.59, 55,76, 69.36, 88.02, 98.37, 105.54,
CDClg) 6 0.97 (3H, t,J = 7 Hz), 1.36 (1H, m), 1.46 (1H, m), 1.48  109.99, 118.24, 119,39, 120.85,126.22, 136,99; EIMf (relative
(2H, m), 1.84 (1H, dd) = 14, 10 Hz), 1.95 (1H, dd]) = 12, 5 Hz), intensity) 340 (100%).

2.02 (1H, m), 2.04 (1H, m), 2.27 (1H, m), 2.62 (1H, s), 2.76 (3H, s), (6S,109)-8-(1'-Ethyl-2'-propenyl)-9-(2,5 -dioxacyclopentanyl)-12-
3.03 (1H, m), 3.58 (1H, d) = 10 Hz), 4.21 (1H, s), 4.41 (1H, s), 6.62  benzyl-6,7,8,9,10,11-hexahydro-6,10-imino-5H-cycloocta[b]indole 34.
(1H,d,J= 7.7 Hz), 6.73 (1H, 1) = 7.4 Hz), 7.10 (1H, tJ = 7.7 Hz), The alkenic aldehyd&7&23(4.66 g, 11.72 mmol) and ethylene glycol
7.43 (1H, dJ = 7.4 Hz);*3C NMR (62.8 MHz, CDC}J) 6 15.35, 26.67, (6.68 g, 127.6 mmol) were dissolved in benzene (200 mL), and
31.55, 34.76, 37.29, 37.97, 46.38, 48.62, 51.32, 56.00, 59.46, 81.19,p-toluenesulfonic acid monohydrate (2.24 g, 11.8 mmol) was added.
82.57, 91.46, 112.66, 122.29, 125.85, 130.45, 136.46, 157.01; EIMS The mixture which resulted was heated at reflux with a DST for 20 h

(m/e, relative intensity) 326 (100%). The spectral data fowere under argon. Examination of the reaction mixture by TLC (silica gel,
identical to the published values including the optical rotati@tjf][ EtOAc/hexane= 2:8) indicated the disappearance of starting aldehyde.
= +145.8 ¢ = 0.48, CHCY}), lit.** [OL]ZDO = +144 ¢ = 0.8, CHC}). The solution was then cooled to room temperature and concentrated

21-0-Acetylajmalal A 32. 21-O-Acetylajmalal A ethylene acetal ~ under reduced pressure. The residue which formed was dissolved in a
28(100 mg, 0.244 mmol) was dissolved in acetone (6 mL), and p-TSA mixture of EtOAc/saturated aqueous NaHCDhe agueous layer was
hydrate (19 mg, 0.101 mmol) was added. The reaction mixture was extracted with ethyl acetate {3200 mL). The combined organic layers
stirred at room temperature for 14 h. The solvent was removed under were washed with water and brine, dried>@0;), and concentrated
reduced pressure. The residue which resulted was dissolved in a mixtureunder reduced pressure to provide alkenic ac#4g#.92 g, 95%).
of CH,Cl, and aqueous NaHGQ?2:1, 150 mL). The aqueous layer 34. FTIR (NaCl) 1110, 1308, 1453 crfy 'H NMR (300 MHz,
was extracted with CkCl, (20 mL x 3). The combined organic layers ~ CDCl;) 6 0.64 (3H, t,J = 6.90 Hz), 0.69-0.95 (1H, m), 1.26 (1H, d,
were washed with brine (30 mL), dried {80s), and concentrated under ~J = 2.00 Hz), 1.55 (1H, dJ = 1.80 Hz), 1.63 (1H, dJ = 12.70 Hz),
reduced pressure. The residue was chromatographed on silica gel (ethyl.85-2.10 (2H, m), 2.31 (1H, s), 2.41 (1H, d,= 20.40 Hz), 3.26
acetate/hexane 1:4) to provide 79.9 mg of pure 2@-acetylajmalal (1H, dd,J = 16.80, 7.40 Hz), 3.49 (1H, d, = 13.80 Hz), 3.62 (1H,

A 32in 89% yield. d,J=13.81 Hz), 3.70 (1H, d) = 7.20 Hz), 3.82-3.93 (4H, m), 4.22

32.IR (KBr) 1463, 1698, 1736, 2934 cr1 H NMR (250 MHz, (1H, s), 4.875.05 (2H, m), 5.255.45 (1H, m), 5.48 (1H, d] = 8.30
CDCls) 6 0.95 (3H, t,J = 7.1 Hz), 1.46 (1H, dt) = 12.8, 7.4 Hz), Hz), 7.12-7.35 (8H, m), 7.53 (1H, dJ = 6.60 Hz), 7.62 (1H, s)}*C
1.54 (2H, m), 1.72 (1H, dj = 12.6, 6.5 Hz), 1.80 (2H, m), 2.15 (3H, NMR (75 MHz, CDCk) ¢ 11.51, 22.60, 24.14, 28.55, 32.89, 47.77,
s), 2.25 (1H, s), 2.52 (1H, dd,= 8.9, <1 Hz), 3.12 (2H, dJ = 4.3 49.11, 51.98, 56.72, 64.59, 64.66, 104.50, 105.51, 107.47, 110.71,
Hz), 3.61 (3H, s), 3.75 (1H, m), 4.50 (1H, dil= 9.2, 3.2 Hz), 5.43 115.65, 118.02, 119.34, 121.26, 126.69, 128.09, 128.43, 134.86, 135.87,
(1H, d,J= 2.8 Hz), 7.06 (1H, t) = 7.7 Hz), 7.17 (1H, tJ = 6.8 Hz), 139.97, 143.08; CIMSn{/e, relative intensity) 443 (Mt 1, 100%).

7.24 (1H, d,J = 6.8 Hz), 7.41 (1H, dJ = 7.6 Hz), 9.32 (1H, s)i°C (6S,109)-8-(1'-Ethyl-2'-acetyl)-9-(2,5'-dioxacyclopentanyl)-12-
NMR (62.8 MHz, CDC}) 6 11.78, 21.28, 23.62, 25.27, 26.11, 29.19, benzyl-6,7,8,9,10,11-hexahydro-6,10-imino-5H-cycloocta[blindole 35.
29.37,42.87,43.41, 46.27,50.63, 88.49, 103.58, 108.86, 118.13, 119.28The alkenic acetaB4 (2.31 g, 5.22 mmol) was dissolved in freshly
121.48,126.11, 137.89, 138.14, 169.22, 202.54; HR EIMSBI N0 distilled THF (100 mL) which contained distilled pyridine (35 mL)
requires (e, relative intensity) 366.1943, found 366.1958 (100%). and was then added to a cold solution of @$D22 g, 4.80 mmol) in
21-O-acetylalkaloid G 33.The aldehyde32 (30 mg, 0.082 mmol) THF (25 mL) and pyridine (20 mL) at 0C under argon. The black
was dissolved in a mixture of THFE® (THF/HO = 9:1, 3 mL). DDQ solution which resulted was allowed to stir afO for an additional
(21 mg, 0.093 mmol) was added to the above solution in one portion 20 h. An aqueous solution of NaHS@.5 g, 50 mL) was added, and
with stirring 58 The reaction mixture was stirred at room temperature the mixture was allowed to warm to room temperature and stirred
for 30 min. The reaction mixture was then diluted with EtOAc (100 overnight. The reaction mixture was diluted with EtOAc (200 mL).
mL), and the solution which resulted was washed with aqueous NH The organic layer was concentrated under reduced pressure to provide
OH (10%, 30 mL) and brine (30 mL) and dried (Mg9OThe solvent the crude acetal diol (2.236 g, 90%). The acetal diol was not subjected
was removed under reduced pressure, and the residue was passe further characterization but used directly in the next step. Acetal

through a short column of silica gel to provide the @acetyl alkaloid diol (2.236 g, 4.72 mmol) was dissolved in methanol (100 mL) and
G 33(29.4 mg, 94%}8 cooled to 0°C. An aqueous solution of Nald2.70 g in 80 mL of
33.IR (KBr) 1742, 3373 cm%*H NMR (250 MHz, CDC}) 6 0.94 H,0) was then added to the above solution. The reaction flask was

(3H, t,J = 6.9 Hz), 1.46 (4H, m), 1.81 (2H, m), 1.92 (1H, m), 2.08 covered by aluminum foil to exclude light. The mixture was stirred at
(3H, s), 3.52 (3H, s), 3.87 (1H, dd,= 8.2, 11.3 Hz), 4.09 (1H, dd} 0°C for 16 h and then concentrated under reduced pressure. The residue
=3.9,10.4 Hz), 4.68 (1H, m), 4.75 (1H, m), 5.30 (1HJds 4.0 Hz), was dissolved in EtOAc/KD (5:1, 200 mL). The aqueous layer was
5.60 (1H, d,J = 8.0 Hz), 7.14 (3H, m), 7.54 (1H, d,= 7.4 Hz);*3C extracted with EtOAc (3« 100 mL). The organic layers were combined,
NMR (62.8 MHz, CDC}) 6 11.59, 21.31, 24.63, 28.27, 29.23, 30.75, washed with water (50 mL) and brine (50 mL), and driedGK:).

39.78, 41.10, 44.75, 56.27, 70.33, 87.94, 98.72, 106.63, 108.72, 118.36,The solvent was removed under reduced pressure, and the crude material
119.94, 121.51, 126.03, 138.12, 142.81, 170.34; ElNi&,(relative was chromatographed (silica gel, EtOAc/hexan®:2) to provide pure

intensity) 382 (100%). acetal aldehyd&5 (1.75 g, 85%).
Alkaloid G 2. 21-O-Acetylalkaloid G33 (20 mg, 0.052 mmol) was 35.FTIR (NaCl) 1134, 1446, 1609, 1666, 1715, 2952, 3385%¢m
dissolved in CHOH (3 mL), and an aqueous solution of®0; (20%, 'H NMR (300 MHz, CDC}) 6 0.64 (3H, t,J = 7.48 Hz), 1.30 (1H,

0.5 mL) was added, after which the reaction mixture was stirred at m), 1.50 (1H, m), 1.61 (1H, dt] = 12.56, 3.82 Hz), 1.88 (1H, § =

room temperature for 2 h. The solvent was removed under reduced4.00 Hz), 1.97 (1H, dt) = 12.71, 4.09 Hz), 2.16 (1H, tf] = 10.41,

pressure. The residue which resulted was dissolved in a mixture of 2.57 Hz), 2.48 (1H, dJ = 16.89 Hz), 2.72 (1H, m), 3.29 (1H, dd=

CH,Cl, and HO (1:1, 150 mL), and the aqueous layer was extracted 16.90, 7.73 Hz), 3.50 (1H, d, = 13.77 Hz), 3.63 (1H, d) = 13.77

with CH.CI, (20 mL x 3). The combined CkCl, extracts were washed Hz), 3.73 (1H, dJ = 7.75 Hz), 3.843.92 (5H, m), 5.49 (1H, d) =

with brine (30 mL), dried (KCQOs), and concentrated under reduced 7.62 Hz), 7.1%+7.20 (2H, m), 7.2+7.34 (6H, m), 7.55 (1H, dd] =

pressure to provide 16.2 mg of alkaloid2391%). The spectral data  6.44, 2.36 Hz), 7.67 (1H, s), 9.63 (1H, &= 2.26 Hz);*3C NMR (75

for 2 were identical to the published valus. MHz, CDCk) 6 10.39, 20.69, 22.42, 28.59, 30.83, 47.18, 51.22, 53.01,
2. IR (KBr) 1463, 2918, 3373 crt;*H NMR (250 MHz, DMSO- 53.64, 57.56, 63.76, 64.91, 104.17, 108.14, 110.82, 118.18, 119.25,

ds) 6 0.96 (3H, t,J = 7.03 Hz), 1.29 (1H, m), 1.39 (1H, m), 1.50 (2H,  121.17,126.76, 127.09, 128.04, 128.56, 132.95, 135.63, 139.69, 205.52;

m), 1.63 (1H, m), 1.69 (1H, m), 1.76 (1H, m), 1.84 (1H, m), 3.63 (3H, CIMS (e, relative intensity) 445 (Mt 1, 100%).

s), 3.77 (1H, ddJ = 11.1, 8.1 Hz), 4.09 (1H, m), 4.34 (1H, dd~= (—)-Np-Benzylnorsuaveoline 36 The acetal aldehyd®5 (300 mg,

10.3, 4.0 Hz), 4.93 (1H, d} = 5.3 Hz), 5.48 (1H, dJ = 8.0 Hz), 5.67 0.68 mmol) andp-toluenesulfonic acid (1.50 g, 7.9 mmol) were
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dissolved in acetone (75 mL). The mixture which resulted was stirred hydrogen for 12 h. Analysis by TLC (silica gel plate was exposed to

at reflux for 2 days under argon. The solution was then cooled to room NH; vapors) indicated the absence of starting mat@&gall he catalyst

temperature and concentrated under reduced pressure. The residue wagas removed by filtration and was washed with EtOH25 mL).

dissolved in absolute EtOH (40 mL), and hydroxylamine hydrochloride The solvent was removed under reduced pressure. The residue was

(500 mg, 7.19 mmol) was added. The reaction mixture was heated to dissolved in a mixture of CH@land aqueous N¥DH (5:1, 60 mL).

reflux for 2 d under an argon atmosphere. The solution which resulted The aqueous layer was extracted with CHCE3 x 20 mL). The

was allowed to cool to room temperature, and the solvent was removedcombined organic layers were washed with brine (20 mL), dried (K

under reduced pressure. The residue was dissolved in a mixture ofCQO;), and flash chromatographed on silica gel (CHEIOH = 9:1)

EtOAc/saturated aqueous NaHE@:1, 250 mL). The aqueous layer  to provide pure norsuaveolirg® (28 mg, 92%).

was extracted with EtOAc (% 100 mL). The combined organic layers 3. [a]d = —3.2 © = 1.00, CHC); FTIR (NaCl) 1416, 1447,

were washed with water (50 mL) and brine (50 mL) and then dried 1589, 3052, 3184 cn; *H NMR (250 MHz, CDC}) 6 1.12 (3H, t,J

(K2COs). The solvent was removed under reduced pressure, and the= 7.55 Hz), 2.44 (2H, qJ) = 7.53 Hz), 2.81 (1H, s), 2.83 (1H, d,=

crude material was flash chromatographed (silica gel, EtOAc/hexane 14.90 Hz), 2.86 (1H, dJ = 15.0 Hz), 3.19 (1H, ddJ = 17.10, 5.70

= 6:4) to provide puréN,-benzylnorsuaveoline (210 mg, 88%). Hz), 3.34 (1H, ddJ = 15.80, 5.45 Hz), 4.60 (1H, dl = 5.40 Hz),
36.[a]d’ = —143.2 € = 1.00, CHC}); FTIR (NaCl) 1458, 2910 4.66 (1H, dJ = 5.20 Hz), 7.05 (1H, tJ = 7.40 Hz), 7.12 (1H, tJ =

cm™3; *H NMR (300 MHz, CDC}) 6 1.05 (3H, t,J = 7.30 Hz), 2.38 7.30 Hz), 7.28 (1H, dJ = 8.30 Hz), 7.39 (1H, dJ = 7.50 Hz), 8.14

(2H, q,J = 7.28 Hz), 2.63 (1H, dJ = 16.04 Hz), 2.82 (1H, dJ = (1H, s), 8.31 (1H, s), 8.54 (1H, s)C NMR (62.8 MHz, CDC}) 6

17.14 Hz), 3.18 (1H, dd] = 17.20, 5.64 Hz), 3.42 (1H, dd,= 16.03, 13.90, 22.84, 31.15, 31.92, 45.78, 48.40, 105.99, 111.02, 118.21, 119.67,

5.20), 3.73 (1H, dJ = 13.37 Hz), 3.85 (1H, dJ = 13.35 Hz), 4.24 121.99, 127.32, 134.25, 135.11, 136.06, 137.11, 139.91, 146.17, 147.03,;

(1H, d,J = 4.90 Hz), 4.35 (1H, dJ = 4.93 Hz), 6.99 (1H, tJ = 7.00 CIMS (e, relative intensity) 290 (Mt 1, 100%).

Hz), 7.05 (1H, tJ = 6.77 Hz), 7.18-7.35 (7H, m), 7.99 (1H, s), 8.20 Anal. calcd for GeH1oNs: C, 78.86; H, 6.62; N, 14.52. Found: C,

(1H, s), 8.26 (1H, bs)!*C NMR (75 MHz, CDC}) 6 13.92, 23.23, 78.59; H, 6.44; N, 14.16.

26.27, 32.48, 49.89, 53.75, 56.77, 105.27, 111.45, 118.60, 120.03, . . .

122.33, 127.44, 127.93, 128.93, 129.26, 133.40, 136.00, 136.53, 138.00, Supporting Information Available: Unsuccessful attempts

138.34, 142.96, 144.51, 144.90; CIM®/¢, relative intensity) 380 (M 10 convert ketone7 (see 7b—7f, Schemes 1517) or a,f-

+ 1, 100%). unsaturated aldehyd8 (see 8b—8d, Scheme 18) into 1,5-
Anal. calcd for GeHosNa: C, 82.29; H, 6.64; N, 11.07. Found: C, dialdehydes or a related derivative and unsuccessful approaches
82.78; H, 6.41; N, 11.19. to conversion o9 into 30 (Table 1), as well as preparations

(—)-Norsuaveoline 3(—)-N,-Benzylnorsuaveolin86 (40 mg, 0.11  of 73 and11a This material is available free of charge via the
mmol) was dissolved in ethanolic HCI (5%, 8 mL), after which Pd on |ntarnet at http://pubs.acs.org.

activated carbon (10%, 60 mg) was added. The mixture which resulted
was allowed to stir at room temperature under an atmosphere of JA990184L



